Abstract
Introduction

29
Sedimented hydrothermal vent (SHV) sites are those where hydrothermal fluid diffuses through soft sediment Porewater geochemistry at Middle Sister and Off-Vent were consistent with microbial processes without 97 influence of hydrothermal activity. Porewater NO3 -and NH4 + profiles were indicative of nitrate reduction, but 98 downcore declines in SO4 2-and Cl -were lacking over the ~40 cm depth sampled. In contrast, at Hook Ridge 99 SO4 2-was depleted by up to 11% compared to seawater, and Cl -by up to 7%, allowing calculation of 100 hydrothermal advection of 9-33 cm y -1 (Aquilina et al., 2013) .
( Table 1 ) using cooled incubators. Experiments were initiated by addition of isotopically enriched substrates.
116
Cores were then sealed and incubated for ~60 h, during which core-top water was continuously stirred.
117
Duplicate cores were subjected to each of two treatments. In the 'algae' treatment, lyophilized algal cells
118
(Chlorella, Cambridge Isotope Laboratories, CNLM-455-1) enriched in 13 C and 15 N (both ~100 at %) were 119 allowed to settle on the sediment surface, giving a final dose of 436±30 mg C m -2 . This was equivalent to ~1.6%
120
of total OC in the surface 1 cm of sediment, or ~9% of annual OC input (Bell et al., 2017b) . It is recognised that 121 such organic detritus is less degraded than the sinking photosynthetic material which normally reaches the 122 depths of our study sites. This is a limitation of the method common to all such experiments in the literature, and
123
means that rates for processing of added C in 'algae' experiments should be considered maximal. Further,
124
diatom detritus would have been more representative of local photosynthetic material, but was unfortunately not 125 available.
126
In the 'Bicarbonate' treatment a solution of 100 % , and an estimated porewater bicarbonate concentration of 1 mM.
129
At intervals (T0 and every ~12 h thereafter) during the incubation, core top water samples were withdrawn from samples onto ISOLUTE SPE columns, washing with chloroform and acetone, and eluting with methanol. After washing with 4:1 isohexane:chloroform. Samples were dried and then taken up in isohexane for analysis on a
Trace Ultra GC, connected via a GC Combustion III to a Delta V Advantage IRMS (Thermo Finnigan,
145
Bremen). The isotopic signature of each PLFA was measured against a CO2 reference gas which is traceable to
146
IAEA reference material NBS 19 TS-Limestone, with a precision of ± 0.31 ‰, and corrected for the C atom 147 added during derivatization.
148
Sediment horizons between 0 and 10 cm preserved in formalin were sieved over a 300m mesh. Macrofauna
149
were extracted under a binocular microscope, identified to broad taxonomic level, air dried in pre-weighed tin
150
capsules, and weighed. In some cases multiple individuals were pooled to create samples large enough for
151
analysis. Fauna were de-carbonated by dropwise addition of 0.1M HCl, followed by air drying at 50°C.
152
Calcareous foraminifera and bivalves which were too small for manual removal of shells were de-carbonated 153 with 6N HCl. Fauna were analysed for their C contents and isotopic signature using a Flash EA 1112 Series
154
Elemental Analyser connected via a Conflo III to a Delta Plus XP isotope ratio mass spectrometer (all Thermo
155
Finnigan, Bremen). Carbon contents was quantified using the area under the mass spectrometer response curve,
156
against National Institute of Standards and Technology reference material 1547 peach leaves (repeat analysis 157 gave precision ± 0.35 %). Isotopic data were traceable to IAEA reference materials USGS40 and USGS41 (both 158 L-glutamic acid), with a precision ± 0.13 ‰.
159
Data treatment
160
Respiration of added algal C was calculated for cores subjected to the algae treatment. 
180
Data files can be accessed at DOIxxxx. 
191
The PLFA suites at all sites were qualitatively similar. They were dominated by C16:0, C16:17c, and
192
C18:17, which together constituted 42 ± 2% of total PLFAs (Fig. 4) . This is at the high end of contributions
193
from these compounds elsewhere, such as 34-45% in the Arabian Sea, and 41% on the Galicia Bank (Kunihiro also present (Colaco et al., 2007) .
In both algae and bicarbonate addition experiments, 13 C incorporation into PLFAs was dominated by C16:0,
199
followed by C18:19 and the sulphide oxidiser indicators C16:17 and C18:17 (Fig 4) .
200
3.3 3.3 Faunal uptake
201
Faunal uptake of added C differed between A and B replicate cores in all experiments except the algae addition
202
at the off vent site, and bicarbonate addition at Middle Sister (Fig. 5 ).
203
In algae addition experiments faunal uptake was similar between the off vent site and one of the Hook Ridge 
206
In bicarbonate addition experiments, measurable uptake of 13 C by fauna was observed at all sites. It was 
209
Small size of individuals meant that organisms had to be pooled for isotopic analysis, limiting the taxonomic 210 resolution of the faunal uptake data. Although limited in this way, the data show that faunal uptake of 13 
220
The results of bicarbonate addition experiments show evidence for occurrence of benthic C-fixation at all sites,
221
and transfer of that C to the macrofauna, in the form of isotopic enrichment of bacterial PLFAs at the off-vent quantities of bicarbonate 13 C detected in bacterial and faunal biomass were low, and tended to be 1 to 2 orders of 224 magnitude smaller than equivalent values for algae addition experiments (Table 2) . We have confidence that the 225 values reported are above detection limits, in that data were only used where the enrichment of organisms or
226
PLFAs above their natural background signatures was greater than the analytical precision of the method. The 227 greatest quantities of bacterial uptake were measured at the off-vent site (Fig. 3) , and the greatest quantity 228 transferred to the fauna was measured at Hook Ridge (Fig. 5 ), however, due to the low values measured and the 229 evident patchiness of faunal communities we do not feel these differences are suitable for further discussion.
230
The most striking result of the bicarbonate addition experiments was that evidence for benthic C fixation was 231 found at all sites, not only at the hydrothermally influenced Hook Ridge. Further, the site showing the largest 232 amount of incorporation of bicarbonate 13 C into bacterial PLFAs was the off-vent 'control' site ( 
248
The evidence suggests that while the amount of benthic C-fixation was always low, it was not restricted to that chemoautotrophic C fixation may be considerably more widespread than previously thought. It is therefore
263
deserving of further study so that it can be quantitatively incorporated into our understanding of the marine C-
264
cycle.
265
In their study using linear inverse modelling of the benthic food web and C cycle, based on natural isotopic and 
277
The maximal rate of benthic C-fixation measured in this study was 0.050 mg C m -2 d -1 , which occurred in one 
307
Faunal uptake of added C appeared to be greatest at Middle Sister in algae addition experiments, and at Hook
308
Ridge in bicarbonate addition experiments, however the variation between replicate cores limits conclusions that 309 can be drawn. Previous isotope tracing experiments have noted correlations between biomass of taxa and the 310 amount of C they take up (e.g. Woulds et al., 2007) . Further, there was no systematic variation in biomass-311 specific C uptake (0.026-0.13 ug C uptake / mg C biomass) between sites, therefore the patterns observed here 312 in faunal C uptake are likely to result from variation in biomass present in each experimental core.
Similarly, the identities of fauna responsible for 13 C uptake was variable between replicate cores (Fig. 6) 
353
Respiration rates measured in the algae addition experiments were maximal at Middle Sister, and minimal at the 354 off-vent site (Fig. 2) . Temperature is often recognised as a dominant control on benthic respiration rates (e.g.
sites may have been driven by differences in bacterial biomass (Table 1) It has been suggested that reducing benthic environments are often hotspots of faunal biomass and 368 biogeochemical cycling due to the increased availability of labile food sources supplied by chemosynthesis 369 (Bernardino et al., 2012) . In this study, the hydrothermally active site Hook Ridge showed rates of respiration algal 13 C at Hook Ridge was similar to that at the off-vent control site, while that at Middle Sister was, in one 373 replicate, considerably greater (Fig. 5 ). This suggests that SHVs are not necessarily biogeochemical cycling 374 hotspots, as in algae addition experiments the overall amount of added C processed by the benthic community
375
was not greater than that observed at non-hydrothermal sites (Fig. 8) . In line with this, biological processing of 376 added C in the algae addition experiments did not show a major role for faunal C uptake as we hypothesised, but 377 was instead dominated by respiration, as is typically observed at relatively deep, cold sites (Woulds et al., 2009 ).
378
The Middle Sister site showed the greatest amount of biological processing of added algal C, which was 379 probably attributable to it having the greatest bacterial biomass and organic carbon concentrations, and the fact 380 that the macrofaunal community, composed mostly of ambient Southern Ocean taxa, will have been functioning 381 without the stress imposed by hydrothermal fluid.
382
Conclusions
383
The main fate of photosynthetic C was respiration in common with other deeper and more food limited sites.
384
The rates of respiration and C uptake by both macrofaunal and bacteria that we measured were comparatively 385 low, and this is attributable to the low temperature of the experiments, and the toxicity and thermal stress caused 
388
Benthic fixation of inorganic was observed at all sites, and quantified at 2 out of 3 sites. While the rates were 389 low compared to other similar experiments, the fact that the greatest amount of benthic C fixation occurred at 390 the off vent site suggests that benthic C fixation may not be restricted to hydrothermal and other reducing 391 settings. We suggest that it could be an important aspect of the marine C-cycle, and warrants further study. 
